The organisation of knowledge for exploitation and re-use in the modern enterprise is often a most perplexing challenge. The entire knowledge management life-cycle (for example -create, capture, organize, store, search, and transfer) is impacted by the organisation of intellectual capital into a corporate taxonomy or at the least a knowledge map (often incorrectly used interchangeably). Determining the extent to which such an objective is achieved is the focus of what is known as a knowledge audit. In this practice-oriented article, the authors review the fundamentals of creating a taxonomy, the use of meta-data in a necessary process known as classification and the role of expertise locators where the knowledge is not explicit but resides within experts in the form of tacit knowledge. The authors conclude with a framework for developing a corporate taxonomy and how such a project may be executed. The conceptual contribution of this article is the postulation that corporate tqaxonomies that are designed to facilitate knowledge audits lead to greater organizational impact.
ORGANISING CORPORATE KNOWLEDGE
The organisation of knowledge resources is hardly a novel undertaking. Many in the western world (cf. Woods 2004) attribute to Aristotle the first attempt at information organization, to the Swedish scientist Linnaeus the first system for categorising the natural world, and to the Dewey Decimal System the first library cataloguing scheme of medical and scientific knowledge. However, the ancient civilizations within China, India and the Mid-East in fact organized their knowledge, particularly related to philosophy, government and medicine, carefully for the purpose of transfer and re-use. The ancient libraries of Alexandria (circa. 2000 BCE) which comprised world-class methods in their time for collection, storage and retrieval were predicated on the realization that a system for organizing knowledge was the key to understanding an existing body of knowledge and its repeated exploitation. Today's knowledge-driven economy demands such a strategy more than ever. From public archives and libraries to corporate repositories and individual collections, knowledge that is not organized is often rendered worthless by the sheer velocity of business decisions that need to be made (Nonaka and Takeuchi 1995; Davenport and Prusak 1998; Senge 1999) . In other words, the entire study of organising knowledge into a systematic classification of hierarchic categories, which may be labelled and subsequently searched, is all about fulfilling the cliché "knowing what we know". A corporate taxonomy is the interface for all such activity.
An IDC White Paper by Feldman and Sherman (2001) examined industry practices and indeed confirmed the worst fears of practitioners. "Intranet technology, content and knowledge management systems, corporate portals, and workflow solutions have all generally improved the lot of the knowledge worker. These technologies have improved access to information, but they have also created an information deluge that makes relevant information more difficult to find." The White Paper concluded that knowledge workers need unified, universal access to all information, but they only need that subset of the information base that actually solves the problem at hand and the requisite expertise or skill that would apply it. It identified the search costs of tediously retrieving required information, the cost of repeated knowledge creation (ie. not re-using existing knowledge components), and the opportunity cost of not applying known knowledge as "the high cost of not finding information".
Knowledge in the modern organization hence has elements of variety and is incongruous and heterogeneous in nature in terms of creation, storage and re-use. In academic research as well as trade forums, the understanding of what constitutes knowledge is often debated because of the multidimensionality associated with it. Only when the knowledge is captured and organised into proper formats, can it be made accessible and put to further use. In effect, capturing knowledge is of little use if it is not stored in such a way that it can be understood, indexed, accessed easily, crossreferenced, searched, linked, and generally manipulated for maximum benefit of all members of an enterprise. Hence the organisation of knowledge plays a critical role throughout the knowledge cycle.
One aspect of an organisation's intellectual capital is collective knowledge which can be viewed in terms of information within the context of the organization. It first involves the process of acquisition from personal knowledge and existing organisational information resources, then sharing and subsequently taking and action by knowledge workers -resulting in new information being added back to the organisational memory. The collective knowledge of an organization is diffused through several processes of knowledge acquisition, sharing, and action initiated as a consequence of new knowledge being created. This flow is illustrated in Figure 1 . Nonaka and Takeuchi (1995) concluded that "The Knowledge Creating Company" cannot create knowledge on its own without the initiative of the individual and the interactions that take place between individuals and groups. The effective design of the organization makes it possible for the knowledge content of many of these interactions to be captured. Thus, personal and collective cycles of knowledge creation and use are inter-related and as we shall see later in this article, corporate taxonomies serve as useful intermediaries.
Figure 1 also shows some of these fundamental knowledge processes within an organization. While there are several models for knowledge cycles, for example Birkinshaw and Sheehan (2002) -capture, store, transfer; Feldman and Sherman, 2001 -create, distribute, manage, retrieve, apply; Mohanty and Chand (2005) -create, capture, organise, store, use; and the figure above is nevertheless a reasonable synthesis described in Foo et al. (2007) . Knowledge workers create intellectual capital in the course of their work, or more precisely, as a result of their work, and the extent to which this may be captured is a measure of the organisation's standard procedures or structural capital. The knowledge infrastructure within the organisation also drives how value in the form of re-exploitable knowledge) is organised and stored. The competitive advantage of the organisation lies in the speed and precision with which its knowledge assets are searched and transferred as and when opportunities arise.
At yet another layer of abstraction, as these processes continue ad infinitum (small point -change from Latin to simply "perpetually") within an organisation, two types of knowledge flow throughexplicit, which is codifiable, and implicit or tacit, no codifiable but resides as expertise in the minds of knowledge workers. The explicit vs. tacit knowledge dichotomy is often held as being analogous to structured (databases, web portals) vs. unstructured knowledge (e-mail, blogs). However, this analogy is misplaced as both explicit as well as tacit knowledge may be structured or unstructured. In other words, explicit knowledge can be well articulated, especially in the written form, while tacit knowledge much less so. While Nonaka and his co-authors were not the first to popularise these terms, their work nonetheless pointed to the stark differences in which the two types of knowledge are created, captured, organised, stored, searched and transferred for re-use. Hansen et al. (1999) concluded that whilst explicit knowledge sharing, which they called codification, comprises the most frequent in terms knowledge transactions, most value was derived from tacit knowledge sharing, which they called personalisation. This was primarily because tacit knowledge was less common, more difficult to replicate and therefore served as a competitive advantage. They further suggested that superior IT infrastructure such as web portals and wireless LANs were only suited for codification; personalisation requiring opportunities for both traditional as well as IT-based communication and collaboration. Several scholars have addressed the major challenges facing the sharing of knowledge within an organization. Nonaka and Takeuchi (1995) have also suggested the requirement of a shared ba or workspace that will facilitate knowledge sharing across the organisation. Zack (1999) , in an empirical study of knowledge strategies in over 20 knowledge intensive firms, concluded that the misalignment of business and knowledge strategies was a fairly common cause for poor performance -for example, businesses that did not know when value was being created and did not organise themselves to continually exploit this value. Gupta and Govinderajan (2000) performed a more extensive field investigation of knowledge flows within multinational corporations and found that the mismatch between the source and target of knowledge flows -for example, if knowledge was not transferred appropriately -led to severe ineffectiveness. Hence the fundamental motivation for building a corporate taxonomy is the realization that knowledge is of little value unless it can be shared and reused (as opposed to re-discovered) when opportunities for exploitation arise. There is considerable agreement that such taxonomy is the basis for interactions and organizational learning (Cheung et al. 2005; Davenport and Prusak 1998; Gilchrist and Kibby 2000; Gilchrist 2001; Nonaka and Takeuchi 1995; Potter 2001 ).
In the realm of digital resources, Noy and McGiness (2001) suggest that taxonomies are particularly useful: (i) to share common understanding of the structure of information among people or software agents; (ii) to enable reuse of domain knowledge; (iii) to make domain assumptions explicit; (iv) to separate domain knowledge from the operational knowledge; (v) to analyze domain knowledge.
The remainder of this article describes the building blocks of a corporate taxonomy and presents a synthesis of best practices for developing it so that it may be continually updated so that it stays useful. The development of good and relevant taxonomy coupled with a supportive knowledge management platform and environment is an integral aspect of remaining competitive in the face of the continual deluge of (particularly, digital) knowledge.
PRINCIPLES OF CORPORATE TAXONOMIES
The word taxonomy is derived from Greek words (taxis + nomos) -taxis is arrangement and nomos law -and can be conjugated to mean "the science of classification". The Swedish scientist Carl Linnaeus (1707 -1778) was perhaps the first to use the idea of taxonomy to classify the natural world. From its origins in the classification of living things, the idea of taxonomy now has universal applications in grouping knowledge so that it can be systematically developed, stored and re-used. In the information sciences, the study of corporate taxonomies has been a subject of considerable and longstanding interest among both researchers (Cheung et al. 2005; Geisler 2006; Gruber 1993; Noy and McGuinness 2001; Saeeh and Chaudhry 2002) as well as practitioners (Conway and Sligar 2002; Delphi 2002; Ernst & Young; Gilchrist and Kibby, 2000; Gilchrist 2001; Greif 2001; Lehman 2003; Pepper 2000; Potter 2001; Woods 2004) .
A modernist definition of a corporate taxonomy may be found in Lehman (2003) : "A taxonomy is a subject map to an organization's content. [It] reflects the organization's purpose or industry, the functions and responsibilities of the persons or groups who need to access the content, and the purposes / reasons for accessing the content." Hence a corporate taxonomy may be viewed as a conceptual map, an information access tool, and a communications and training device at the same time, providing history, expertise and inside information that can assist every business activity. Naturally, as with any other information access tool, a taxonomy has to serve special requirements and purposes before it is developed and exploited. Other classical perspectives widely accepted in the literature include: 1) A taxonomy is a creation of structure and labels to aid location of relevant information. A closer definition might be the arrangement and labelling of metadata to allow primary data or information to be systematically managed and manipulated (Gilchirst and Kibby, 2000) .
2) A taxonomy is a hierarchical presentation of information that represents a specific knowledge domain. It includes several sub-topics that can contain two types of relations, namely, hierarchical relations where one category is viewed as being above another category, and nonhierarchical relations using links that indicates that a certain category is related to another category. Applications are the navigation tools available to help users find information (Graef 2001) .
Taxonomies are often referred to as conceptual knowledge maps in knowledge management. However, they have some distinguishing characteristics in the sense that: 1). they support structure, content and applications (navigational tools); 2). they are customised to reflect the language, culture and goals of particular organisations; 3). they are often created using a combination of human effort and specialised software; they may refer to disparate information resources such as e-mail, memoranda, documents, books, part of books, reports and URLs; 4). they are usually created by multidisciplinary teams; and 5). they are part of a process so that they are constantly refined and updated. In either case, corporate taxonomies and knowledge maps may be considered the fundamental basis for knowledge sharing in the organization and specific processes such as create, capture, organize, store, search and transfer) in the organization. They provide a common understanding within the organization that link to the knowledge cycle.
Corporate taxonomies are dynamic and need constant refinement and update since organizations need to adapt to a changing environment, competition, threats, etc., which force them to modify their knowledge flows. Grey (1999) suggests posing the following key questions to the knowledge workers within an organization in order to ascertain the major knowledge flows: (1) What type of knowledge is needed? (2) Who provides it and how does it arrive? (3) How is it improved and re-used? (4) What happens to new knowledge that is created? (5) What prevents the organisation from doing more, better, faster? (6) How can knowledge flows (therefore) be improved? This is in effect what is known as a knowledge audit (Liebowitz et al. 2002; NLH 2005) which involves identifying what knowledge is needed, what knowledge already exists, where the gaps lie, who needs the knowledge, and how it will be used. Hylton (2002) more formally states that the knowledge audit (K-Audit) is an assessment of how the sum of explicit as well as tacit knowledge within an organisation is exploited throughout the knowledge-cycle and the people and business processes add to such knowledge. More specifically: "The knowledge audit process involves a thorough investigation, examination and analysis of the entire 'life-cycle' of corporate knowledge: what knowledge exists and where it is, where and how it is being created and who owns it. It measures and assesses the level of efficiency of knowledge flow. From knowledge creation and capture, to storage and access, to use and dissemination, to knowledge sharing and even knowledge disposal, when the organisation is no longer in need of particular elements of explicit or codified knowledge. With respect to people, the K-Audit measures the efficiency of transfer of tacit knowledge skills, when particular skills or expertise is no longer needed." It may be viewed as the KM equivalent of the requirements determination phase undertaken during traditional systems analysis and design.
During the course of a K-Audit, there is a critical first step which leads to the creation of a knowledge map -a visual representation of an organisation's knowledge. Technically, a knowledge map is a logical abstraction of a corporate taxonomy, which includes implementation details such as how knowledge assets are to be captured and indexed. A K-Map, at first cut, reveals possible answers to the key questions of a knowledge audit outlined above.
There are two recommended approaches to knowledge mapping (NLH 2005): (i) map knowledge resources and assets, showing what knowledge exists in the organisation and where it can be found; and (ii) include knowledge flows, showing how that knowledge moves around the organisation from source to target. In both cases, the key is a diagrammatic schemata of corporate knowledge of the explicit as well as tacit nature and an accompanying realisation of the value-added during the course of the knowledge flows. This may be derived from well-known techniques such as process maps, class diagrams, use cases and organisation charts. Source: Drew (1999, p 134) 
Figure 2: Building a Knowledge Map
Building a knowledge map looks deceptively simple but perhaps requires more effort and resources than any other phase of developing a corporate taxonomy. It is a profound, soul-search that involves the highest level of strategic management and domain expertise to make judgments on fundamental business and knowledge strategies. One techniques for deriving a K-Map involves the use of the so-called Boston Box suggested by Drew (1999) . Figure 2 shows four quadrants of the Boston Box for analysis of a complete coverage of an organisation's knowledge capital. Quadrant 1 asks what the core competencies of the organization are. Quadrant 3 addresses the unexploited seepage in its knowledge capital repository. Quadrant 2 takes the organizational learning impetus which seeks to position the organization to execute its strategic plans for growth. Quadrant 4 refers to the blind spot of hidden opportunities and threats that may not be (as yet) apparent within the organisation's leadership. Daunting as this analysis may seem, it is not a paradigm shift. The point being made in this article is that the organisation of knowledge in the form of a corporate taxonomy carries with it criteria for evaluating possible gaps as well as leaks that need to be plugged. Drew (op. cit.) had captured some of these issues for some time now and the KM community has since developed an entire repertoire of tools for each of these quadrants (cf. Foo et al. (2007) for a textbook coverage of many of these tools).
What then makes a corporate taxonomy effective, extendable and practical? Table 1 below -a compilation from Gilchrist (2001) , Graef (2001) , Lehman (2003) and Woods (2004) -offers eight perspectives or families of taxonomic elements, which apply to an organization, although more perspectives do not necessarily translate to greater business effectiveness. Technologies -applicable to the industry or industries in which the firm participates. Basic or applied sciences are also included as appropriate.
Geography -referring to location, particularly region or jurisdiction. Document or Record Types -this perspective provides valuable reduction of results based upon the document's purpose and its connection to the information need.
As a guide to content, a taxonomy has multiple entry points (such as business functions or product types), and will have the same element (lowest level class). The consensus on what characterizes useful elements of corporate taxonomies is the following: (1) They are precise and do not overlapthe closer to proper named elements at the lowest level, the better. (2) They are independent of the type of content, and the organization structure (be they digital or multilingual or distributed data). (3) They reflect the access needs and expectations of every constituency inside or outside the organization. (4) They recognize and apply industry standards (such as UN/SPSC for products and services. IBSN and ISSN for published documents) whenever possible.
To conclude, it is clear that corporate taxonomies have indispensable roles in the organization of business knowledge. The bottom-line for a good taxonomy is whether or not the knowledge sharing process is facilitated. There are methods and tools which help verify and validate that such sharing is indeed taking place. In the next section of this article, some of these building blocks are described.
BUILDING BLOCKS FOR CORPORATE TAXONOMIES
Some of the fundamental challenges on how knowledge (explicit as well as tacit) may be incorporated into a corporate taxonomy are addressed by a variety of techniques drawn from the domains of computer and information science. These include the concepts of directories of domain expertise; classification and clustering; indexing, tagging and the use of meta-data. Classification is the technique used to organise a body of knowledge assets that reside within an organisation. It is supported by meta-data which are used as keywords or descriptors for indexing, storing and searching knowledge assets.
The word "Metadata" is derived from Greek and Latin words (Greek: Meta + Latin: Data). Since Meta means along with, next or after, metadata is data about data itself; it contains information about other nuggets of information or knowledge. Metadata is documentation about documents and objects; they describe resources, indicate where they are located, and outline what is required in order to use them successfully. In creating corporate taxonomies, a practitioner makes use of metadata to describe documents and other resources thereby enabling a richer means of defining the context of the resource and to provide more information access points to support information query and retrieval operations. This is a technique known as tagging in contemporary parlance and is very relevant to the idea of describing knowledge assets (whether codified or residing within experts) and cataloguing them for storage and search. In this section, we discuss some of these.
CLASSIFICATION, CLUSTERING AND CATALOGUING
A recent IDC study (Gantz et al. 2007 ) estimated that the "the digital universe" equals approximately three million times the information in all the books ever written -or the equivalent of 12 stacks of books, each extending more than 93 million miles from the earth to the sun. The amount of information created and copied in 2010 will surge more than six fold, from 161 to 988 exabytes, a compound annual growth rate of 57%, nearly 70% of which will be generated by individuals. Considering the exponential growth of information and knowledge, particularly in the digital and Internet domains, it makes sense to classify content in some order so that search and retrieval becomes manageable (Feldman and Sherman, 2001 ).
The study of classification is hence re-emerging from the hiatus after the pioneering work of Ranganathan the re-known classificationist who drew much inspiration from the work of Dewey and other pioneers in order to formulate rules on how documents may be classified so that they could be searched and retrieved with sufficient specificity when needed (cf. Ranganathan's web repository for a retrospective), into an impactful area of research in information management. Several contemporary studies have shown that using either natural language such as keyword searching for defined metadata fields, or a controlled vocabulary such as subject headings and browsing thesauri, result in superior knowledge retrieval and re-use when the knowledge base is classified or clustered for effective search (Delphi 2002; Feldman and Sherman 2001; Stratify 1997; Williamson 1997 ). This would be particularly the case when end user tagging is enabled with the use of controlled vocabularies and multi-faceted taxonomies are constructed to facilitate the search effort.
The idea of classification is frequently inter-changeably used with the term "taxonomy" but is semantically different -a classification may lead to a taxonomy (usually a visual representation) but is always described in terms of a method or scheme that groups a set of entities such that elements within a group (or class or cluster) are more similar to each other that elements in different groups. Clustering is the technical term used when these groups (or clusters) are non-overlapping. In both cases, the organisation may be hierarchic and multi-faceted. The proliferation of Internet content and the requirement for optimised search engines has brought this ancient science into yet another domain that sustains its relevance. Hlava and ven Eman (1999) suggest that most cataloguing schemesmuch of which within the English speaking world originated from the UK and US library communities (namely, the Online Computer Library Centre, OCLC) -use one of 3 methods for classification: original text or idea; existing vocabulary or topic; or a combination. Given the volume of content to be organised, today much of this has to be automated (and continually refined manually) using idea extraction, keyword counts, or adaptive algorithms that discern document context. A classification typically also results in what is known as an ontology.
Ontology is the term referring to the shared understanding of some domains of interest, which is often conceived as a set of classes (concepts), relations, functions, axioms and instances. In the knowledge representation community, the highly cited definition is adopted from Gruber (op. cit.): "An ontology is a formal, explicit specification of a shared conceptualisation. Conceptualisation refers to an abstract model of phenomena in the world by having identified the relevant concepts of those phenomena. Explicit means that the type of concepts used, and the constraints on their use are explicitly defined. Formal refers to the fact that the ontology should be machine readable. Shared reflects that ontology should capture consensual knowledge accepted by the communities". Noy and McGiness (2001) offer a more IT-centric definition: "An ontology defines a common vocabulary for researchers who need to share information in a domain. It includes machine-interpretable definitions of basic concepts in the domain and relations among them."
It should be noted that classification and cataloguing are active, dynamic activities that are never complete, much like arranging the folders of one's desktop. Hence, there is a continuous process of appending, updating, pruning, and so on, to keep it relevant and useful. A classification is hierarchic and multi-faceted in order to support multiple perspectives such as user profiles, applications or data models. When recognised that small corporate taxonomies comprise up to a thousand knowledge resource items and large ones greater that twenty thousand (Woods 2004) , it is easy to understand why an automatic processor of metadata (often times extractor) and classification rules is necessary. This is discussed next.
AUTOMATIC CLASSIFIERS AND OTHER TOOLS
Automated classifiers typically use various proprietary clustering methods for analyzing the content of each knowledge asset and creating concept folders that contain related items; organize the concept folders hierarchically based on their interrelationships, and sort each document into one or more concept folder(s) that describe the document in whole or in part (cf. Stratify 2006). With codified knowledge, such clustering is typically based on a statistical analysis of all words within a document and extracting keywords or context. Clustered documents are placed within concept folders that contain documents that are "close" or similar, to each other according to a chosen similarity measure which attempts to match the term lists or subject headings (controlled or otherwise) of the documents to a cluster. During search and retrieval, a centroid or representative from each cluster is matched with the requirements of the query, and the entire cluster is retrieved if held similar in the expectation that they are similar and hence must be equally relevant. In this manner the search space is reduced.
Functionalities aside, classifiers and taxonomy builders exhibit a commonality of traits. For example, most tools should be able to measure the depth of a person's experience on a particular topic, based on relevant prior experiences, roles in projects, peer recognition and other measurements and track relevant end user activity, identifying those individuals who may be best suited to address the task. They should also incorporate automatic learning functions where the program becomes more accurate with continuing usage, hence removing the need to rely on manual user feedback.
They typically allow for customisation such that it is flexible enough to accommodate the different knowledge management needs of different environments in which it will be deployed. To illustrate, in order to assess the needs of two different kinds of industries, say the healthcare and manufacturing industries, the tool should be flexible enough to cater to both business contexts and vocabularies -categorise medical treatment and prescriptions as well as raw materials, equipment and facilities. Another desirable property of such tools is scalability. It must become more accurate when the organisation gets larger and not see drastic reductions in accuracy when dealing with increasing knowledge resources. Last but not least, if the tool is easy to use and adopted very quickly, it does not require extensive hours of training for employees in order for adoption to take place.
The past decade has seen a proliferation of tools for developing corporate taxonomies, many of which exhibit some or all of the following functionalities:
1. Classification of digital resources, documents, databases, directories, etc.
2. Tagging of knowledge resources during content creation.
3. Site navigation and creating categories for discovery of information through browsing. 4. Identification and retrieval including cross searching of different resource bases.
5. Personalisation and delivery of information.
Visualisation of knowledge maps.
One of the leading authoritative search engine web site, SearchTools.com (http://www.searchtools.com/info/classifiers-tools.html) provides a list of valuable and up-to-date resources on "Tools for Taxonomies, Browse-able Directories, and Classifying Documents into Categories". Vendors specialise in different subsets of the above functionalities and there is really no ubiquitous solution that may be adopted by the organisation developing a corporate taxonomy. Table  2 lists some of the leading vendors of taxonomy tools which support the key functionalities and together possess a dominant market-share. An examination of the approaches taken in many of these tools confirms that vendors disagree over the choice of techniques and approaches to the classification of information and knowledge. The approach that suits any individual organisation will naturally depend on a mixture of the business requirement, the type, volume and volatility of the information to be managed, the skills available inhouse and the time and resources to be expended. But, as Woods (2004, p7) suggests: "The greater the volatility of the information and the categories to be used, and the less the in-house experience available, the more attractive an automated solution will be. For organisations with extensive experience of in-house taxonomy design, greater manual control may be preferred." Although these tools serve the common purpose of organising knowledge and support for information seeking and discovery, they all have their own subtle characteristics. The question is not about "natural language or controlled vocabulary", rather the solution is "natural language and controlled vocabularies" to complement each other for information seeking. Several of these vendors have provided a range of organisation tools such as taxonomies, subject directories, subject hierarchies, topic maps and knowledge mapping tools in order to assist in the effective management of content in the organisation's Intranet, Internet or knowledge portals. These tools provide hierarchical or decision tree structures with considerable variation in complexity and sophistication.
It is also apparent that many of these tools relate to industry-specific taxonomies. The tool should be such that it should preferably be able to "understand" user requests and derive similar requests in order to return more relevant results. "Knowing what you know" is the central objective of a corporate taxonomy and hence taxonomy building tools.
In order to select appropriate taxonomy tools that meet specific features or functions, there needs to be a basis for comparison. Table 3 is a list of functionalities and types of features synthesised from the literature. A matrix of the availability of these functionalities and features within some of the leading taxonomy tools is given in Foo et al. (2007) with the objective of rapid prototyping (and subsequent evolution) of an organisation's corporate taxonomy. The availability of a particular function and existence of a specific feature makes a significant impact on the development of a corporate taxonomy. Besides the obvious requirements fit in terms of Product Platform and Integration, GUI Design, Access Points, Import / Export and Multilingual Support, and so on, there are other nuanced considerations. For example, the easy part of taxonomy implementation is the actual assignment of rules, either from a written "cookbook" for human classifiers or software. There are basically two approaches to software implementation -those packages that accept and execute rules, and those packages that use statistical techniques ("content like this") to construct their own rules. While the statistical vendors can fairly claim that their products avoid the "rigor" of classification definition, they also miss the precision of rules and the result vagueness that accompanies vague rules. But this may well be the "lesser of the two evils" in instances where there is a voluminous mass of legacy documents and knowledge items. Hence a "middle way" is the possible use of a statistical or learning type classification approach after having classified a large and varied group of document-records, with a manually defined rule-based technique. In either case, the resulting classification is k-auditable and may be changed and improved with time.
Ongoing maintenance of classification rules is another significant but tractable activity, either inhouse or from third party specialists. Rule-based classifier software will require very low maintenance. Statistical classifier software needs regular re-calibration to address new or modified classification rules. Again, the dynamic environment in which the organisation operates dictates the more suitable approach. In closing, the selection of an appropriate tool is perhaps a matter of efficiency to the trained and experienced organisation but effectiveness as well to many taking the first steps towards a corporate taxonomy. The final section will note that the use of appropriate (and k-auditable) tools is a salient point in the continual evolution of the corporate taxonomy in support of a learning organisation.
EXPERTISE LOCATORS
Where knowledge is not explicit, pointers to their (tacit) sources are needed. To this end, expertise locators, euphemistically known as electronic yellow pages or skills directories, have emerged in the corporate world as means to identify sources of specific expertise and skills. These can be classified or categorized to be included in corporate taxonomies. Grey (1999) suggests that corporate yellow pages often incorporated into taxonomies give the highest return on investment and it is easy to understand why. The nature of knowledge work is such that most professionals turn to their peers as the first resort (Davenport and Prusak, Laurence, 1998) .
Expertise locators are basically lists of the expertise of individuals, usually very highly regarded subject matter experts, in an organisation. Expertise refers to special skills or knowledge of subject embedded in individuals. Hence, an expertise locator becomes a de facto directory of individuals in an organisation with their contact details, designation, and name, along with details about their knowledge, skill sets and experiences. They identify experts in an organisation that are authorities in specific knowledge domains. A subject matter expert may have different levels of expertise in different topics and all this goes into the listing. Such expertise is typically self-reported (on the basis of job responsibilities or qualifications) but sometimes discerned through formal accreditation or using social network analysis (SNA). SNA is a complex yet highly rewarding activity in knowledge organisation. For example, by observation of email trails or posts on discussion groups, it becomes apparent who junior team members turn to for various types of advice during projects or within a Community of Practice -this is where the re-useable tacit knowledge within the organization lies.
The National Electronic Library for Health (2003), part of the National Health Services of the United Kingdom (www.nhs.uk) which manages a large number of diverse medical facilities and specialists, suggests the following tags as meta-data for the identification of (tacit) expertise within an organisation: Among other critical success factors for the design, development and maintenance of such an expertise listing, the NELH lists currency, auditability and evolution as the most vital. Conway and Sligar (2002) remark that capturing such information within the organization may be a little more controversial than doing it in an external Internet environment. The corporate culture will likely influence or constrain the reaction to and acceptance of gathering, mining, manipulating, storing, and making use of what may be regarded as "personal" information. Nevertheless, this approach can be one of the best ways of connecting colleagues and team members and for the corporation to begin to learn more about the tacit knowledge residing within its people.
Expertise locators are useful for large organisations which are spread geographically. While they are technologically simple to develop, it can effectively assist organisations to "know what they know". As the knowledge community increasingly recognises that the best channel for knowledge sharing is communication between co-workers and the most effective networking protocol is collaboration, an expertise locator provides the identification service to generate the connection and to support relationships building between individuals. It provides a means to access a key component of the organisation's intellectual assets. Through such connectivity, it supports learning, growing and capacity development. Of course, finding the right person is a means to an end, not an end itself, and the organisation culture and incentives must support knowledge creation, capture, transference and reuse.
Expertise locators are also useful to locate relevant knowledge sets particularly due to the increasing complexity of tasks and work that requires the combined skills of various experts often situated across the globe. The specific benefits of expertise locators are that they are easily implemented; help in locating the knowledge source; allow people to interact and learn efficiently by providing a platform; save time and effort in not "reinventing the wheel".
As the organisation's base of information about its subject matter experts grows, so will its ability to harness its knowledge capital. With the information about an individual's browsing, searching, and posting habits; metadata from the content that has been created; the projects worked on; community involvement; and, preferences and patterns in the data accessed within the corporate intranet -the Enterprise Knowledge Portal (EKP) can manage and describe the knowledge worker's experience base in the same way it shows the explicit contents of the repository.
With the above understanding of the building blocks of corporate taxonomies, we conclude this article with a framework for building taxonomies in the final section.
FRAMEWORK FOR TAXONOMY BUILDING AND K-AUDITABILITY
To recap -corporate knowledge taxonomies play a critical role in knowledge management and the exploitation of corporate intellectual capital with direct impact on the organisation's performance and growth. They provide a platform that assists employees to seek knowledge residing within the organisation and sometimes beyond, facilitate collaboration and interactions, and support the iterative process that may be necessary to develop new knowledge. At the onset, the corporate taxonomy can provide a "knowledge map" to enable navigation of and access to the intellectual capital of the organisation. Corporate taxonomies work at the level of information management by connecting people to documents, and at the knowledge level by connecting people to people (Gilchrist and Kibby, 2001) . It is critical that the design of such taxonomy must allow itself to be audited so that the impact of knowledge management may be assessed.
Based on the discussion in the previous section, we now present a framework comprising four major steps required to build and maintain a corporate taxonomy. These are : (1) conduct a knowledge audit that results in a first-cut K-Map; (2) perform a more-intensive requirement analysis that formalises tagging, storage and search; (3) select the appropriate set of tools that facilitates the creation of the taxonomy and the classification process, and (4) 
Figure 3: Presenting K-Audits as Ontologies
The nexus between a knowledge audit and creating a corporate taxonomy is indeed a symmetric one. Perez-Soltero et al. (2006) have presented a methodology which results in a knowledge inventory comprising knowledge maps and knowledge flows that identify inefficiencies reflected in duplication of efforts, knowledge gaps, knowledge barriers and knowledge-bottlenecks. They show the feasibility of using ontologies as representational schemas in order to formally present the results of a knowledge audit which address the problems of knowledge leakage and additionally the benefits of re-using valuable knowledge. Figure 3 is an abstraction of their methodology. Whilst such an approach makes sense from the point of schematic representation of the results of a knowledge audit for the purpose of communicating with stakeholders, we argue that the opposite is even more critical. The design of a corporate taxonomy must necessarily take into account the ease of auditing knowledge inventories, flows, leakages and gaps, and must facilitate the continual growth of the knowledge or learning organisation.
Synthesising the numerous approaches from research and practice on taxonomies, classification and ontologies, we have developed a knowledge-cycle driven framework for first understanding and then developing corporate taxonomies for effective exploitation of an organisation's valuable knowledge resources. The net result of such integration is a dynamic and relevant corporate taxonomy -what Gruber (1993) calls a "portable ontology". Figure 4 is such a framework which incorporates the key concepts discussed with respect to developing corporate taxonomies. The framework also maps classical knowledge flows (create, capture, organise, store, search, transfer and re-use) and inventories (documents, expertise directories, learning communities) with the design of the corporate taxonomy using automated builders and knowledge mobilisation (search and re-use). In such a scenario, it is obvious that neither the knowledge flows nor the inventories would be static. Hence it becomes crucial that a methodology for creating knowledge taxonomies adequately supports the notion of continual growth and consequently, auditability. From this framework, we have derived the four major steps that need to be undertaken to build corporate taxonomies with the design objective of knowledge auditability.
It is worth repeating that although many practitioners (cf. Hylton 2002; Lehman 2003; Pepper 2000) refer to Corporate Taxonomies and Knowledge Maps interchangeably, it should be clear by now to the discerning reader that they are indeed distinct in the level of detail they carry. At its simplest, a taxonomy is a rule-driven hierarchical organisation of categories used for classification purposes with the appropriate subject headings and descriptors. However, such a simple definition hides the many challenges to be faced in building and maintaining an effective and usable taxonomy (Woods, 2004) . Corporate taxonomies are particularly used by the various enterprise information systems to permit instant access to appropriate information, where there are voluminous data, and information needs to be managed carefully. K-maps are at best visual aids that help the search and retrieval process. They are the result of what has been described in an earlier section as a knowledge audit -the technical details of which are beyond the scope of this article.
Nevertheless,
Step One of developing a corporate taxonomy is therefore to conduct a knowledge audit which clearly identifies the creation, capture, organization, storage, search, transfer and re-use of knowledge in the critical business processes of the organization. Conceptually, this is indeed the most complex step as the design is not easily amenable to validation. Grey (1999) suggests that the key to developing validated corporate taxonomies is to: "understand that knowledge is transient" and to "recognise and locate knowledge in a wide variety of forms: tacit and explicit, formal and informal, codified and personalised, internal and external, short life cycle and permanent". Hence it is also imperative to locate knowledge in processes, relationships, policies, people, documents, conversations, links and context, suppliers, competitors and customers. Foo and Hepworth (2000) and Hepworth and Foo (2000) illustrated this complexity in their knowledge audit work done on a large statutory organisation in Singapore. They utilised a range of data collection instruments in their proposed methodology based on the theoretical model of the user of information. This encompasses the process of task analysis and information requirements gathering through interviews with top management, focus groups with middle management, a series of observations and talk-throughs, and finally through an organisation-wide quantitative knowledge audit survey. A knowledge map (information architecture as it is refereed to then) was subsequently derived showing categories of information (potential taxonomy elements), criticality of information, priority of information, frequencies of use, information flows within and outside the organisation.
It follows that
Step Two of developing a corporate taxonomy is thus an intensive requirements analysis which brings together all stakeholders -users, contributors and managers of knowledge -so as to determine the appropriate vocabularies, term lists, subject headings, classification, search and dissemination. This may be done using modelling techniques from systems analysis such as process mapping, class diagrams, use cases and prototyping K-Maps.
The selection of meta-data and rules for classification of corporate knowledge (explicit and tacit) and their accompanying structure is a complex and critical activity in developing corporate taxonomies. It is, with rare exceptions, consultative, collaborative and iterative along the lines proposed by Noy and McGiness (2001) -a knowledge engineering methodology for developing taxonomies that are AI centric: (1) There is no one correct way to model a domain-there are always viable alternatives. The best solution almost always depends on the application that is in mind and the anticipated extensions. (2) Ontology development is necessarily an iterative process. (3) Concepts in the ontology should be close to objects (physical or logical) and relationships in the domain of interest. These are most likely to be nouns (objects) or verbs (relationships) in sentences that describe the domain. Lehman (2003) concludes after much introspection that the key to end use success is precise classifications that are explicitly, completely and accurately defined. Without such classifications, most natural languages (vocabularies) and the context of their usage will defeat all the good intentions of a taxonomy. Classification should be able to evolve into perfection. "Relative" quality, some resources could be mis-classified and/or missed, which will destroy user confidence. He states with some conviction: "Avoid vague, qualitative or descriptive subjects in your taxonomy. Stay with subjects that are simpler, and are able to be represented by proper names, identifiers or other unique evidence. Create more and simpler classifications, rather than fewer and sophisticated classifications." (op. cit.), noting that the results of 20 years of cooperative research into better textual query have yet to produce techniques and languages that consistently find a large percentage of correct results, and simultaneously avoid a large percentage of incorrect results. Now that the knowledge domain has been mapped and expertise as well as experts ordered into a structure, Step Three of developing a corporate taxonomy would be the selection of an appropriate combination of tools that would automate some of the developed activities of Step Two -particularly the extraction of keywords and subject descriptors (in order to design the metadata), classification rules, search strategies and dissemination flows. Discerning the vocabulary and index terms and using these as metadata conforming to standards, often with the use of automated tools, for the purpose of classifying and cataloguing and extracting subject headings and rules for the classification of knowledge and expertise is the "easy part". The art of mapping knowledge structures to content (codified as well as residing within experts) and growing this conceptual mapping is far more challenging. The resulting taxonomy structure is usually shown as a 2D tree, similar perhaps to the folders-subfolders-files parent-child hierarchy common in many operating systems. At times, they can be presented using a visualisation tool to show relationships between content in as a graphical map, star, tree or ring. The use of such a myriad of tools also assures some level of auditability which in turn allows improvements to the implementation. It helps that the use of tools allows what-if design changes at the click of a mouse which provide analytic measures of various parameters that may be improved, for example, ease of access, success of search, storage redundancies, identification of gaps, and so on. Prabha et al. (2007) found that knowledge workers are motivated to seek satisficing rather than optimal search results for the knowledge needs; that is, they seek sufficiency rather than perfection. In the reported research, they designed a series of stopping rules for information access, given by both qualitative parameters such as requirements, time, coverage etc. as well as qualitative parameters such as the extent to which the search results are trustworthy, representative, current, exhaustive etc. The implication of this is that when modelling knowledge search and transfer, it is (as a first cut subject to subsequent refinements) sufficient to create a design that is usable and stopping rules for the search and transfer should clearly be implemented for such a scenario. Once again, such stopping rules are auditable and hence consciously implemented for the purpose of continual refinement. Hence, the final Step Four of developing corporate taxonomies has to do with its stepwise refinement.
The notion of Ontology or Taxonomy or K-Map Diagnostics is an area which is fast gaining research and development interest after an initial hiatus. Some of the latest tools come with such diagnostic functions (Delphi 2002) . The central idea here is that since needs as well as operating environments change, it may not make sense to over-design the first taxonomy hoping that it will be used over a long period of time. Instead, interactive refinement and growth are key elements, and there are several parameters which may be used to ensure that this proceeds in the right direction. An important by-product of such a design objective is that the corporate taxonomy is amenable to mini audits -perhaps part of the much larger in scope knowledge audits. The point being, a corporate taxonomy reveals what an organisation knows and does not know. It also reveals through an external intervention what the organisation knows but does not utilize; and what it does not know at all. Such a design for auditability is roughly analogous to the widely accepted practice of design for testability that is prevalent in software engineering where placing checkpoints and tracing logic flow demonstrably leads to superior design.
Thus, in order to stay relevant and useful, an evolving taxonomy must address fundamental requirements. In addition, a number of other evaluation criteria such as these that have been drawn from Gilchrist (2001) , Graef (2001) , Grey (1999) , Gruber (1993) , Potter (2001) and Woods (2004) , among others, determine the effectiveness of corporate taxonomies and help the iterative refinement as shown in Table 4 . Admittedly, such a diagnosis is more qualitative and judgmental than a quantitative measurement. Pepper (2000) had suggested a more formal model using concepts of topic, occurrence, association, identity, facets and scope as diagnostic dimensions for organizational taxonomies but as yet these have not been developed fully. Nevertheless, the onus is on the stakeholders to grow and learn with usage and help refine the vocabulary, metadata, clusters and other functionalities. After a certain period of use, there may be a need to re-design and re-classify (and perhaps use a new selection of meta-data) in order that the corporate taxonomy continues to serve the organisation. At times, there may even be a need to re-architect and migrate to another (more appropriate) tool. In all such cases, diagnostics help ensure that the corporate taxonomy remains a competitive weapon for the knowledge organisation rather than a legacy albatross.
In conclusion, the information overload problem has made it difficult for many knowledge professionals to find relevant and up-to-date information on the web, corporate databases or other digital repositories in order to be maximally effective in their work and to make timely decisions. As a result, taxonomies have become an important part of the suite of tools that help users locate information using controlled vocabulary or natural language search and providing powerful browsing capabilities based on structured content organisation and access through directory structures. The corporate taxonomy is potentially an authoritative intermediary that provides the terms and relationships an organisation will use in order to create, capture, organise, store, search, transfer and re-use its knowledge resources -explicit and tacit. Its return on investment should be an auditable improvement in the organisation's knowledge management.
